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Effects of mesangial localization of polyvinyl alcohols on glomerular
basement membrane thickness. We studied the effects of mesangial
localization of polyvinyl alcohols (PVA) on glomerular basement mem-
brane (GBM) thickness in inbred Lewis rats. To avoid possible influ-
ences of PVA redistribution after localization in liver, lung, and other
organs, the kidneys of rats given PVA were transplanted into
uninephrectomized normal rats. Normal kidneys transplanted into
normal rats served as a control. GBM thickness at the time of
transplantation was the same in PVA kidneys as in normal kidneys.
However, by 18 weeks post-transplant GBM thickness was greater in
PVA kidneys, and this increase was sustained at 30 weeks. Within the
glomeruli of PVA kidneys, lobules with marked mesangial PVA ac-
cumulation had more marked GBM thickening than lobules with little or
no PVA accumulation. It is concluded that changes within the mesan-
gium can influence GBM thickness. Whether this represents a direct
effect of mesangial architectural distortion, a consequence of local
phlogistic activities such as the influx of macrophages into the mesan-
gium of glomeruli with PVA localization, or the result of intraglomer-
ular hemodynamic perturbations is unclear.
Consequence de Ia localisation mésangiale de polyvinyl alcools sur
l'épaisseur de Ia membrane basale glomerulaire. Nous avons dtudié les
effets de Ia localisation mésangiale de polyvinyl alcools (PVA) sur
l'épaisseur de Ia membrane basale glomdrulaire (GBM) chez des rats
Lewis inbred. Afin d'éviter les influences possibles d'une redistribution
du PVA aprés sa localisation dans le foie, le poumon, et d'autres
organes, les reins de rats recevant le PVA ont étd transplantés a des rats
normaux uninéphrectomisés. Des reins normaux transplantés a des rats
normaux servaient de contrôles. L'épaisseur de la GBM au moment de
Ia transplantation était Ia méme dans les reins PVA que dans les reins
normaux. Cependant, 18 semaines après transplantation, l'épaisseur de
la GBM dtait plus grande dans les reins PVA, et cette augmentation
persistait a 30 semaines. Dans les glomerules des rats PVA, les lobules
ayant une accumulation mésangiale de PVA marquee avaient un
dpaississement des GBM plus accentué que les lobules n'ayant pas ou
peu d'accumulation de PVA. On conclut que des modifications a
l'inténeur du mésangium peuvent influencer l'epaisseur de Ia GBM. II
n'est pas clair que cela représente un effet direct d'une distorsion de
l'architecture mCsangiale, une consequence d'activitds phlogistiques
locales, comme l'afflux de macrophages dans le mésangium des
glomérules ofl est localisd Ic PVA, ou le résultat de perturbations de
l'hemodynamique intraglomdrulaire.
There is evidence that glomerular basement membrane
(GBM) production largely results from the synthetic activity of
glomerular epithelial cells [1—91 and that some constituents of
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the GBM have long half-lives [10—12]. It is likely that the
glomerular mesangium is involved in the processing of GBM
degradation products [12]. Conceiving of GBM thickness as
representing the overall balance of GBM production and GBM
breakdown, we designed studies to examine the effects of
disturbances in glomerular mesangial structure and function
induced by polyvinyl alcohols (PVA) on GBM width. PVA are
synthetic macromolecular polysaccharides that, administered
subcutaneously to rats, localize in the kidney almost exclu-
sively in the glomerular mesangium [13—16]. The localization
within the mesangium is quantitatively variable from one
glomerulus to another [141. Further, there is variability in the
quantity of PVA localized in the mesangium of one lobule
compared to another within the same glomerulus [14]. It was
reasoned that these features of mesangial PVA localization
would allow quantitation of the effects of mesangial changes on
GBM thickness. Herein we report that mesangial PVA localiza-
tion results in increased GBM width throughout affected
glomeruli and that this increase is accentuated in the GBM of
those peripheral glomerular capillary loops which surround
areas of mesangium containing large quantities of PVA.
Methods
Experimental design
A total of 15 highly inbred male Lewis rats (Microbiological
Associates, Bethesda, Maryland, USA) weighing 200 g at the
start of this experiment received 28 daily subcutaneous doses of
50 mg/lOO g of body wt of PVA (molecular weight 35,000 to
240,000, Gunther Wagner, Hanover, West Germany) [14]. One
week after the last injection a kidney biopsy specimen was
obtained under general anesthesia from each animal. Light
microscopic examination of these biopsy specimens allowed
selection of nine animals with large accumulations of PVA in
focal mesangial areas in most glomeruli as kidney donors. A
kidney removed from these selected animals was then trans-
planted into a normal Lewis rat littermate recipient using
surgical techniques as previously described [17]. The nontrans-
planted kidney of the donor rat and the normal kidney removed
at the time of transplant from the recipient rat provided tissue
for baseline studies. Parallel to this protocol, normal kidneys
were transplanted into six normal transplant recipients.
Biopsy specimens of both the donor and the recipient's native
kidney were subsequently obtained at 18 and at 30 weeks
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post-transplant. Thus, the following categories of renal biopsy
specimens were available:
• Kidney from a PVA rat transplanted into a normal rat—
PVA-T
• Native kidney of a PVA kidney recipient—P VA-NK
• Kidney from a control rat transplanted into a normal rat—
C-T
• Native kidney of a control kidney recipient—C-NK
Tissue processing
Biopsy tissue samples were immediately fixed in 2,5% gluta-
raldehyde in 0.17 M cacodylate buffer, pH 7.4 (290 mOsm/liter),
postfixed in 1% osmium in 0.17 M cacodylate buffer and
embedded in Epon (Polysciences, Warrington, Pennsylvania,
USA). Ultrathin sections were stained with saturated uranyl
acetate and lead citrate and examined and photographed with a
JOEL CXIOO electron microscope as previously described
[18]. A calibration grid (28,300 lines/inch, E,F. Fulham Inc.,
Schenectady, New York, USA) was photographed along with
each biopsy specimen.
GBM measurements
To avoid selection bias the centermost glomeruli in tissue
blocks embedded for EM were selected for photography. EM
photomicrographs were obtained at 11,000 magnification ac-
cording to a random sampling scheme which uses evenly spaced
intervals [18—201. Photographs of a calibration grid were taken
along with those for each biopsy [18—201. In addition, the
centermost PVA glomeruli with marked lobular mesangial
expansion to at least three to four times normal width were
photographed in their entirety at X 11,000. These photographs
were arranged into a montage to reconstruct the entire glomeru-
lar cross section as previously described by Østerby [21].
Glomerular lobules with marked mesangial expansion (PVA-T,
3-4) and lobules with little or no mesangial expansion (PVA-T,
0-1) were identified on these photomontages.
GBM measurements were performed using the orthogonal
intercept method of Jensen, Gunderson, and Østerby [19]. The
measurements of GBM width in non-PVA kidneys were per-
formed exactly as previously described [20]. In PVA kidneys
GBM width was obtained by placement of the grid for determin-
ing line intercepts directly onto the photomontage. Separate
measurements were performed for GBM in peripheral capillary
loops adjacent to lobules with marked mesangial expansion
(PVA-T, 3-4) and for loops adjacent to lobules with little or no
mesangial expansion (PVA-T, 0-1). Loops were classified as
associated with a given mesangial zone by identifying the
mesangial waist areas. Where waist areas could not be deline-
ated, usually in loops sectioned to appear as circumferential
endothelial cell-GBM-epithelial cell surfaces, measurements
were not done. In addition, GBM width was measured in PVA
glomeruli photographed by the random sampling technique to
obtain a value representing all glomerular capillaries in the
tissue. Two to four glomeruli were studied, and at least 100
GBM intercepts were obtained for each GBM thickness mea-
surement presented in Figure 1.
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Fig. 1. Results of GBM thickness determinations. Each point in the
figure represents an individual animal. Data are expressed as = X SD.
Symbols are: •, PVA-NK; 0, PVA-T, all; A, PVA-T, 0-1; , PVA-T,
3-4; , C-T; 0, C-NK. The abbreviations are defined in the section
Experimental design in Methods.
Statistics
Data are expressed asX SD. Differences between means
were compared using Student's t test with P < 0.05 being
considered as statistically significant.
Results
A more complete description of the natural history of the
histopathology of PVA in the transplanted kidney in rats will be
reported. At transplant most glomeruli had PVA mesangial
lesions involving more than 50% of the cross-sectional area of
the glomerulus. The mesangium in individual lobules varied
from no abnormalities to extreme expansion with large rela-
tively acellular masses of PVA. At 18 weeks post-transplant
there were many mesangial areas showing large nodules of
amorphous PVA and mononuclear cells. By 30 weeks post-
transplant there was a significant decrease in the number and
size of the lesions such that 3 to 4 zones were far less common.
At all times the PVA was both intra- and extracellular but with
time more of the residual PVA was intracellular. PVA was
rarely seen in phagolysosomes within epithelial cells and was
almost never seen in endothelial cells and was not observed in
the GBM. The frequency of PVA localization in peripheral
capillary loops associated with mesangial zones graded 3 to 4
appeared similar to zones graded 0 to 1.
There were no differences in GBM thickness between PVA
and control kidneys at the time of transplantation (Fig. 1), nor
were there differences in GBM width on comparing PVA-T, 3 to
4 and PVA-T, 0 to 1 zones in the same glomeruli (Fig. 1).
The increases in GBM thickness noted in PVA-NK, C-T, and
C-NK glomeruli at 18 weeks post-transplant (Fig. 1) are com-
patible with age-related widening of this structure [20], and
significant differences among these three categories of kidneys
were not found. However, the overall GBM thickness deter-
mined by measuring all glomerular capillary loops in PVA-T
kidneys was greater than that of each of the aforementioned
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groups (P < 0.001 in each instance). Further, GBM thickness
was greater in PVA-T, 3 to 4 zones than in PVA-T, 0 to I zones
(P < 0.005, Fig. 1). In addition, GBM thickness in PVA-T, 0 to
1 zones was greater than any of the three categories of GBM
width in non-PVA kidneys (P < 0.005 in each instance).
At 30 weeks post-transplant age-related increases in GBM
width were again noted in PVA-NK, CT, and C-NK kidneys.
Once again there were no differences in GBM thickness among
these categories of kidneys. The mean GBM thickness mea-
sured in all glomerular capillaries in PVA-T kidneys exceeded
the mean GBM thickness in each of these three control groups
(P < 0.001 in each instance) as did the GBM thickness in
glomerular capillaries associated with PVA-T, 0 to I zones (P <
0.001 in each instance). The increase in GBM in PVA-T, 3 to 4
zones compared to PVA-T, 0 to 1 zones at 30 weeks was, again,
significant (P < 0.025). The GBM width of PVA-T kidneys
compared to the three groups of control kidneys was increased
by an average of 19.5% at 18 weeks and 29% at 30 weeks.
However, the increase in GBM width in PVA-T, 3 to 4 zones
compared to PVA-T, 0 to 1 zones was similar at 30 weeks (12%)
compared to 18 weeks post-transplant (14%).
Discussion
The origin(s) of glomerular basement membrane is, as yet,
not conclusively established. Morphologic [12], immunochemi-
cal [22], autoradiographic [23], as well as biochemical studies
utilizing glomerular cells in tissue culture [24, 25], indicate that
glomerular epithelial cells are involved importantly in GBM
synthesis. In addition, a number of lines of evidence suggest
that components of the GBM have a mesangial-endothelial
origin [6, 9, 10]. Recently, Michael et al [51 argued, based on
immunohistochemical studies during kidney ontogenesis, that
the GBM has components which originate from mesangial-
endothelial cells as well as from epithelial cells. However,
Avner et al [26] reported that the metanephros is capable of
differentiation to produce some normal renal basement mem-
brane glycoproteins in the absence of endothelial or mesangial
cells. Thus, this area of research remains controversial.
Even less is known regarding the turnover of GBM. It has
been suggested that the half-life of collagenous components of
GBM in the rat is long, with estimates varying from 100 to 200
days [10—12]. Walker [12], using silver nitrate labeling of the
GBM, interpreted his studies as indicating that a major compo-
nent of GBM is produced by epithelial cells, moves toward the
endothelial aspect of the GBM and, having localized in the
lamina rara interna, is mobilized into the mesangial matrix and
into cells within the mesangial zone. Walker [121 concluded
from his observations that, at least in part, degradation prod-
ucts of GBM are processed by the glomerular mesangium.
The present studies were designed to examine the effects of
disturbances in mesangial architecture (mesangial expansion)
on GBM thickness. It has been shown previously that mesan-
gial PVA localization results in thickening the GBM [15].
However, these studies were performed in the same rats to
which PVA was administered. Since PVA is known to localize
in multiple organs including the liver, spleen, heart, and general
reticuloendothelial system [27—291, it was not possible to deter-
mine if the GBM thickening in this model was due to systemic
or local mesangial effects of PVA. The studies reported here
make this differentiation possible and strongly argue that the
GBM thickening occurs as a result of mesangial PVA localiza-
tion. Further, the greater thickening of GBM contiguous to
mesangial areas markedly expanded with PVA suggest that
there are local effects of mesangial pathology on the production
and/or turnover of GBM. It must be pointed out, however, that
GBM in peripheral capillary loops adjacent to mesangial zones
with little or no PVA also demonstrated GBM thickening. This
could have resulted from PVA localization in areas of the
mesangium close to these zones, but out of the plane of section.
In fact, it should be considered that the differences between 0 to
1 and 3 to 4 zones as presented here are conservative estimates.
Serial section studies might have defined more clearly the
extent of local PVA accumulation and resulted in greater
differences in GBM width between these different glomerular
areas. Alternatively, there could be a diffuse influence of local
mesangial PVA accumulation. These possibilities cannot be
dissected from the present studies. However, it is noteworthy
that the mesangium has some of the structural characteristics of
a syncytium and thus could effect diffuse glomerular influences
from local glomerular changes [30, 31].
Mesangial localization of PVA is associated with the in-
creased localization of monocyte-macrophages within the
mesangium [32]. It has been suggested that these infiltrating
cells may contribute to GBM injury [33]. Thus, the effects of
mesangial PVA localization on GBM width may reflect complex
biologic processes [32] and may not simply represent the results
of structural alterations of the mesangium. It is possible that
endothelial or epithelial cell localization of PVA could influence
GBM width. However, PVA deposition at these sites sufficient
to be visualized was extremely uncommon and, further, no
different in loops associated with 0 to 1 as compared to 3 to 4
mesangial PVA zones.
Alternatively, mesangial PVA accumulation could influence
intraglomerular hemodynamics and thus produces adverse
structural consequences [34]. In a model not involving renal
transplant, rats given PVA and studied 12 weeks later have
more severe glomerular lesions than in PVA kidneys reported
here. We found that these animals were mildly hypertensive,
had decreased inulin clearance (40% of normal), normal renal
blood flow, and decreased filtration fraction. Further, these
PVA kidneys failed to autoregulate, suggesting that the PVA
kidney is maximally vasodilated [35]. Other studies show that
these animals have moderate proteinuria (unpublished data).
The mechanism for the decreased GFR in PVA kidneys is
unknown but could represent a restriction of filtration surface
based on the encroachment of the mesangium on contiguous
capillary structures as has been suggested in diabetic nephrop-
athy [36]. One might assume that restricted glomerular capillary
circulation could be associated with increased driving forces for
filtration in residual perfused capillaries. Yet it is the open
capillaries associated with little mesangial PVA accumulation
that show the least abnormalities. This question is difficult to
answer since there exists no technology to determine dif-
ferentially the hemodynamic differences between capillaries
associated with minor or with advanced structural changes
within the same glomerulus. Further, in the context of the
current studies, the presence of a normal contralateral kidney
could well moderate the adaptive responses in the PVA kidney
which might develop as a consequence of the distortion of
glomerular capillary geometry by PVA mesangial lesions.
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We have demonstrated previously, in a similar rat kidney
transplant model, that the uptake and processing of the rela-
tively inert colloidal carbon macromolecule was normal in
mesangial zones with little or no PVA while being greatly
disturbed in mesangial zones with marked PVA localization
[14]. These studies indicate that mesangial function in the
handling of macromolecules is largely intact in the PVA model
and argue against impaired macromolecular processing as the
cause of the generalized increase in GBM width documented in
the present studies. However, it may be that colloidal carbon
and GBM products are handled differently by the mesangium.
Sterzel, Krause, and Kregeler [16] have suggested that PVA
interferes with the capacity of the mesangium to handle protein
macromolecules with phlogistic properties (aggregated IgG).
There is evidence that circulating monocyte-macrophages have
a role in the removal of immune complexes from the mesangium
[371 and PVA could hamper the traffic of these cells through the
mesangial system. However, if the mesangium normally has a
substantial role in the processing of products of GBM turnover,
it is unlikely that circulating phagocytic cells would be impor-
tant in this process since the number of resident monocytes-
macrophages in the mesangium of the normal glomerulus is
very small [38].
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